Purpose: Using a large, retrospective cohort from the Utah Population Database, we assess how well family history predicts who will acquire colorectal cancer during a 20-year period. Methods: Individuals were selected between ages 35 and 80 with no prior record of colorectal cancer diagnosis, as of the year 1985. Numbers of colorectal canceraffected relatives and diagnosis ages were collected. Familial relative risk and absolute risk estimates were calculated. Colorectal cancer diagnoses in the cohort were counted between years 1986 and 2005. Cox regression and Harrell's C were used to measure the discriminatory power of resulting models. Results: A total of 431,153 individuals were included with 5,334 colorectal cancer diagnoses. Familial relative risk ranged from 0.83 to 12.39 and 20-year absolute risk from 0.002 to 0.21. With familial relative risk as the only predictor, Harrell's C ϭ 0.53 and with age only, Harrell's C ϭ 0.66. Familial relative risk combined with age produced a Harrell's C ϭ 0.67. Conclusion: Family history by itself is not a strong predictor of exactly who will acquire colorectal cancer within 20 years. However, stratification of risk using absolute risk probabilities may be more helpful in focusing screening on individuals who are more likely to develop the disease. Genet Med 2011:13(5): 385-391.
C olorectal cancer (CRC) is the second leading cause of death among cancers in the United States. In 2009, it was estimated that 147,000 cases would be newly diagnosed and that 50,000 deaths would be caused by the disease. 1 Because CRC often develops from precancerous polyps that can be identified and removed, it is one of the few cancers that can be prevented through appropriate screening. 2, 3 It has been estimated that more than half of deaths from CRC could be prevented through early detection. 4 Increased surveillance in those at elevated risk may lead to the detection of more cases and, therefore, a potentially greater mortality reduction than general surveillance of the population. 5 However, based on known risk factors, predicting who will develop CRC is still a challenge.
Family history has often been cited as an important risk factor for CRC based on evidence that those with a positive family history for CRC have elevated risk compared with those with no family history of the disease, 6 -9 and evidence that a stronger family history results in even higher risks. 10 The most commonly used measure for family history of CRC is "Ն1 affected first-degree relative," and in a recent, large, populationbased study, the associated familial relative risk was estimated as 2.05 (95% confidence interval: 1.96 -2.14). 10 Current screening guidelines are informed by these types of familial relative risk studies and typically recommend that individuals with a positive family history be screened earlier and more frequently than those without. 2, 11, 12 In addition, clinicians tend to rely on familial relative risk estimates rather than other types of risk representations such as absolute risk, even though absolute risk may be more easily interpretable and understood. 9, 13, 14 Although it has been established that a positive family history is associated with increased risk, an important question is whether increased familial relative risk is actually a clinically significant predictor of who will develop CRC. There are few published large prospective studies that assess familial risk and subsequent CRC diagnosis. The studies that do exist rely on self-reported family history and are limited to first-degree relatives. 15, 16 The primary purpose of this study is to assess how well family history predicts who will get CRC over a period of 20 years, using a large, retrospective cohort from the Utah Population Database (UPDB). Such information is critical for health policy organizations that address screening strategies and similarly important for practitioners who recommend screening, and genetic counselors who advise persons of cancer risk.
MATERIALS AND METHODS
The UPDB is a population-based, electronic genealogical resource that contains multiple linked data sources including statewide cancer registry records. 17 It was created in the early 1970s with data from the Utah Family History Library and contains genealogies for the original Utah pioneers and their modern day descendants. 18, 19 While the original Utah Genealogy included records for 1.6 million persons, 17 20 Information on site, stage, grade, age at diagnosis, histology, and patient survival are included. The UCR only reports independent primary cancers.
In contrast to many religious populations, individuals in the UPDB have been shown to be genetically representative of US white and northern European populations [21] [22] [23] [24] with a low-tonormal level of inbreeding. 25 Also, many are members of The Church of Jesus Christ of Latter-day Saints, which has religious proscriptions against the use of coffee, tea, alcohol, and tobacco. Consequently, much lower smoking rates may play a role in Utah being among states with the lowest rates of cancer. 26 This project used a subset of UPDB records representing a group of 2.3 million persons. These individuals were part of Ն3 generations of Utah genealogy data and descendants of original Utah pioneers. To protect the privacy of the study individuals, identifying information was not available to the authors. The Utah Resource for Genetic Epidemiology, created in 1982, governs access to the UPDB. 27 The Utah Resource for Genetic Epidemiology and the University of Utah Institutional Review Board granted approvals to conduct this research.
A retrospective cohort study design was used for this research. Considering that the latest cancer diagnosis information available in the dataset was from 2005, an observation period of 20 years was selected, with enrollment and family history assessment determined for the year 1985. The following were selection criteria: (1) individual's record was available in the UPDB before 1986, (2) no record of death before 1986, (3) no record of CRC diagnosis before 1986, and (4) as of December 31, 1985 , individual was between the ages of 35 and 80 years. Data were collected on the individual's age and family history as of December 31, 1985 . Numbers of CRC-affected firstdegree relatives, second-degree relatives, and third-degree relatives were gathered and numbers of CRC-affected first-degree relatives diagnosed between ages 50 and 69 years.
Previously, we reported familial relative risks for probands with various combinations, or constellations, of affected relatives with CRC, using the group of 2.3 million persons described earlier. 10 Examples of constellations and their corresponding familial relative risks are listed in Table 1 . A familial relative risk for each proband in this study as of the assessment date (December 31, 1985) was produced based on the proband's constellation of affected relatives in 1985.
During the observation period from 1986 to the end of 2005, data were collected on the years of occurrence of CRC diagnoses and deaths (from any cause) within the cohort. When an individual was diagnosed with CRC or died during the observation period, their record was censored during the year the event occurred. Cox regression was used to analyze the dataset, with CRC diagnosis as the dependent variable. The concordance statistic (or area under a receiver operating characteristic curve) is often used to assess the discriminatory power of a prediction model. 28 -31 Discriminatory power measures the ability of a model to distinguish between those individuals having a particular outcome and others without the outcome. It corresponds to the probability that a randomly selected individual who devel- ops the disease has a higher predicted risk than that of a randomly selected individual who does not develop the disease. The probability can range from 0.50, representing essentially a coin toss, to 1.00, representing perfect discrimination. A concordance statistic Ն0.70 is generally considered a threshold for a potentially useful model, but a value Ն0.80 may be a more reasonable level to provide adequate clinical utility. 32 An equivalent of the concordance statistic for use with Cox regression, Harrell's C, 33 was calculated for each model developed and compared. Because of the resource-intensive nature of the Harrell's C calculation, for models that included more than 100,000 individuals, Harrell's C was averaged across 10 random samples of 10% of the individuals in the model. Models were developed for familial relative risk as the sole predictor, age as the sole predictor, and familial relative risk and age included together. Familial relative risk and age were modeled as categorical variables.
As an alternative to using familial relative risk as the predictor in a Cox regression, absolute risk was also used. For each study individual, the absolute risk of developing CRC in the next 20 years was estimated using the individual's age and familial relative risk in 1985, according to the method by DuPont and Plummer. 34 This method also requires age-adjusted CRC morbidity rates and age-adjusted all-cause mortality rates to estimate the absolute risk. These rates were created directly from the UPDB population individually for the years 1981-1985 and then averaged. The purpose was to simulate risk estimates in 1985 as if it were a prospective study. Absolute risk was also modeled using categorical variables. The expected numbers of individuals to develop CRC within the observation period among different levels of risk were estimated by summing the predicted absolute risk probabilities in each risk category.
Subgroup analyses were also performed by dividing the cohort into familial relative risk deciles, absolute risk deciles, and age groups. For each, Cox regression was performed, and Harrell's C was calculated for the highest risk decile, or age group, when compared with the lowest.
RESULTS
There were a total of 431,153 individuals included in the cohort. Baseline characteristics of these individuals are listed in Table 2 , as well as numbers of CRC diagnoses. The range of familial relative risk was 0.83-12.39. The majority of individuals in this cohort (93.3%) had a familial relative risk Ͻ1.0. Less than 0.4% had a familial relative risk Ն3.0. The range of 20-year absolute risk was 0.002-0.21, and the majority (57.4%) had a probability between 0.01 and 0.03. More than 2% had a 20-year absolute risk probability Ն0.03. During the observation period, 5,334 individuals developed CRC. The age category (measured at baseline) with the most CRC diagnoses was 60 -69 (1,840/5,334 ϭ 34.5%). The percentages of observed CRC cases out of total individuals in each absolute risk category ranged from 0.6% (0 Յ absolute risk Ͻ 0.01) to 25% (absolute risk Ն0.13). Table 3 contains results of Cox regression and Harrell's C analyses. When familial relative risk was the only predictor, Harrell's C ϭ 0.53. When age was the only predictor, the age group 35-49 years was used as the reference and Harrell's C ϭ 0.66. The age group with the highest hazard ratio was 70 -80 (5.12, 95% confidence interval: 4.70 -5.57). Combining age and familial relative risk as predictors produced a Harrell's C ϭ 0.67. Using absolute risk as the predictor, which is based on age, familial relative risk, and population-specific CRC incidence and all-cause mortality rates, produced a Harrell's C ϭ 0.64. In the subgroup analysis, when the highest decile of familial relative risk (1.02 Յ familial relative risk Յ 12.39) was compared with the lowest (familial relative risk ϭ 0.83), Harrell's C ϭ 0.54. For age, comparing those in the 70 -80 years age group with those in the 35-49 years group, Harrell's C ϭ 0.69. Harrell's C ϭ 0.78 for the analysis comparing the highest absolute risk decile (0.02 Յ absolute risk Յ 0.21) with the lowest (0.002 Յ absolute risk Յ 0.003). Harrell's C statistic estimates the probability that, of two randomly chosen patients, the patient with the higher prognostic score will remain free of CRC longer than the patient with the lower prognostic score from the Cox regression model. 33 That is, the model result and the actual patient outcome were concordant, where the model correctly discriminated, 78% of the time in this Cox regression model.
DISCUSSION
We have described a retrospective cohort study that included 431,153 individuals aged 35-80 years at the beginning of the 20-year observation period. We are not aware of any other retrospective cohort or prospective studies of family history and CRC that have followed up this many individuals over this length of time. In addition, family histories of CRC were available electronically through a population-based electronic medical data resource as opposed to typically self-reported data.
Numerous studies have demonstrated increased familial relative risk for CRC in those with affected relatives. 9 According to our analysis, however, family history as represented by a familial relative risk estimate is by itself not a good predictor (Harrell's C ϭ 0.53) of exactly who will develop CRC in the next 20 years. Even when comparing the highest familial relative risk decile in the cohort (1.02 Յ familial relative risk Յ 12.39) with the lowest (familial relative risk ϭ 0.83), Harrell's C was 0.54. When familial relative risk cutoffs were set even higher for the comparison, Harrell's C continued to decline, perhaps due to fewer numbers of cases. Familial relative risk is commonly used to communicate risk levels in the literature and among physicians and genetic counselors. However, with a disease such as CRC, it may not be commonly understood that although a familial relative risk estimate may be elevated, the corresponding absolute risk may still not be high. For example, hypothetically if a disease affects 10 of 1000 people with a particular risk factor and affects 1 of 1000 people without the risk factor, the relative risk is 10.0. Despite the seemingly large relative risk, the absolute risk for those with the risk factor is still only 10 of 1000 (1%).
In contrast to familial relative risk, age is a stronger predictor for CRC (Harrell's C ϭ 0.66). Including familial relative risk in addition to age only improves the discriminatory power by 0.01, to 0.67. Absolute risk, which combines both familial relative risk and age, produced a Harrell's C ϭ 0.64. Considering absolute risk uses the same variables and takes into account population-specific CRC incidence rates; it is not clear why this statistic was not higher. In the age subgroup analysis comparing those in the 70 -80 years age group with those in the 35-49 years group, Harrell's C ϭ 0.69. These findings illustrate that using familial relative risk in combination with age, or alternatively absolute risk, has moderate predictive value for CRC. However, in the absolute risk subgroup analysis where the highest decile was compared with the lowest, Harrell's C improved substantially to 0.78. Although one may question the clinical utility of this particular subanalysis, it is worth noting that the highest decile of absolute risk includes those with a 20-year risk of 0.02 and greater. For illustration, 0.02 is essentially the 20-year risk of a 50-year old with Ն1 CRC affected first-degree relative, so the highest decile of absolute risk includes more than just those at the extreme high end of risk based on family history.
To provide additional perspective on the levels of Harrell's C found in this study based on family history or family history in combination with age, a recent comprehensive risk prediction model for CRC that included a range of risk factors including family history produced a concordance statistic of 0.61. 28 This was based on validation in a population independent of the one used to build the model.
Despite the moderate Harrell's C value of models taking into account family history and age, the potential clinical value of a predictive model based solely on these risk factors is doubtful. However, it may be useful to consider aspects of the analyses presented in Tables 2 and 4 for decisions about appropriate screening. At the very highest levels of risk (familial relative risk Ն 4.0 or absolute risk Ն 0.07), relatively large percentages of individuals (e.g., 1 in 4 or 1 in 10) categorized by both familial relative risk and absolute risk end up developing CRC. However, at more moderate levels of risk, absolute risk tends to stratify individuals more appropriately. As an example, there were 4,660 CRC cases among 402,317 individuals with familial relative risk Ͻ1.0 (1.2%). Absolute risk roughly divides the same number of individuals into two categories, absolute risk Ͻ 0.01 and 0.01 Յ absolute risk Ͻ 0.03, where 3,991 cases were classified among 247,438 individuals (1.6%) in the latter category. In the former category, at the lowest level of absolute risk, there were 990 cases out of 173,655 individuals (0.6%). At higher levels of risk, there were 272 CRC cases that developed in 9,537 individuals with familial relative risk Ն2.0 (2.9%). There were 353 cases that developed in the 10,060 with absolute risk Ͼ0.03 (3.5%). Absolute risk also has the benefit of facilitating the prediction of expected numbers of cases, and based on expected numbers of CRC cases in Table 2 , it predicts fairly well how many individuals in each risk category are going to develop the disease in a 20-year time period.
This method of using absolute risk, based on age and family history, may be a reasonable way to quantify and stratify CRC risk, and these results demonstrate the possible utility. Particularly in the higher absolute risk categories, the numbers of cancers or precancers discovered through screening could potentially be much higher than in the general population. Considering the costs of screening, particularly colonoscopy, there are financial benefits in targeting and screening a smaller segment of the population and detecting a greater number of potential cases. It may also be easier to motivate those who are at increased risk to undergo screening, especially using more understandable absolute risk probabilities. In addition, the potential yield by percentage of appropriate screening increases as risk level increases.
Additional insights from absolute risk estimates may be gained from Table 4 , which presents an adaptation of National Comprehensive Cancer Network (NCCN) screening guidelines for those with a positive family history of CRC. 35 Twenty-year absolute risk estimates are provided for 5-year age increments from 35 to 80 years according to notable family history patterns and for those at average risk (defined as having a familial relative risk of 1.0). NCCN colonoscopy recommendations for each family history category are noted as well. One may consider the absolute risk of a 50-year old with average familial relative risk as estimated from our dataset (20-year absolute risk ϭ 0.01) as a reference point. Generally, there is consistency between the NCCN recommendations and the absolute risk patterns in that the most aggressive screening recommendations are associated with the highest levels of absolute risk. However, increased screening based on affected second-degree relatives may not be justified based on these data.
Although the absolute risk estimates in this research are based on familial relative risks that consider extended CRCaffected relatives (second-and third-degree relatives) in addition to affected first-degree relatives, our previous work has shown that the influence of extended relatives is relatively small; risk estimates are available that consider only first-degree relatives. 10 Because patients often are not aware of the cancer history (or get it wrong) in their extended relatives, this may be important to consider. 36 In addition, considering the limited time clinicians have to obtain family history, not having to collect data on second-degree relatives would be beneficial to some degree. Further research could address the impact of limiting the familial relative risk estimates to only affected first-degree relatives in the absolute risk estimates and in the expected/observed numbers of cases by risk category.
The limitations of this study include the fact that we were unable to determine whether some individuals moved out of state during the 20-year observation period and, therefore, should have been censored for analysis; this limitation would have served only to lower our estimates of diagnosis rates from truly higher rates and does not change our conclusions. Similar to other UPDB-based studies, 10 these results are generalizable to other populations of northern European origin but may not be generalizable to populations with very different racial and ethnic compositions. There is a reliance on appropriate cancer coding, but the source of cancer data was a National Cancer Institute's Surveillance, Epidemiology, and End Results registry. Not all relatives of individuals may be represented in the UPDB genealogy, but we anticipate no bias in such representation. In addition, the incidence of CRC in Utah is the lowest in the United States. 37 Although CRC incidence rates are slightly different in men and women and also between sites (e.g., colon versus rectum), we did not distinguish by sex or by site in this study, consistent with the level of granularity of the previously generated familial relative risk estimates. It is also not known what screening may have occurred in the cohort, particularly in those at increased familial risk, and what effect this may have had in preventing CRC that would have otherwise occurred. This remains a possible minimal confounding factor based on observations in a yet to be published parallel study. Also, individuals with familial forms of CRC such as hereditary nonpolyposis CRC have not been excluded from this study because they may not be reliably identified and one may question whether this could skew the analysis. However, based on a previous study using individuals in the UPDB, only a small number met the Amsterdam I criteria (65 of 9458 cases or 0.7% of the cases), and none had a histology indicating familial adenomatous polyposis syndrome. 38 Despite the limitations identified, this study adds considerable definition and specifics as to how the relative risks, which to date have been used to establish screening strategies for those with a family history of this disease, actually play out over a 20-year period. These results should be carefully considered by health policy organization as they establish screening guidelines and by clinicians and genetic counselors as they deal with persons and families with familial colon cancer risk.
In conclusion, although previous studies have demonstrated increased relative risk among those with a family history of CRC, this large retrospective cohort study has demonstrated that family history, without respect to age, is not a strong predictor of exactly which individuals will acquire CRC in the next 20 years, based on Cox regression and a measurement of concordance. It is important to keep in mind that even if a relative risk estimate may seem large, absolute risk may still be small if the incidence of a disease is low. When combined with age in an absolute risk estimate, family history does seem to improve concordance in a subgroup analysis to compare those at higher risk with those at very low risk. However, it is doubtful that a clinically useful statistical model for predicting who will acquire CRC at an individual level can be produced using just age and family history. Despite this, absolute risk predicts fairly well how many individuals in particular risk categories will develop the disease over a period of 20 years. Stratification of risk using absolute risk in a clinical setting could help target screening on those individuals who are more likely to develop the disease. Future work would include validating these absolute risk estimates in an independent population, performing a cost/benefit analysis to determine optimal screening recommendations based on risk levels, and providing a web-based tool for clinicians to estimate absolute risk based on a patient's current age and family history.
